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Using a chiral unitary approach for meson-baryon scattering in the strangeness zero sector, where 
the A* (1535) and A* (1700) resonances are dynamically generated, we study the reactions jp — > ir°rip 
and 7p — » 7r°_R' E + at photon energies at which the final states are produced close to threshold. 
Among several reaction mechanisms, we find the most important is the excitation of the A* (1700) 
state which subsequently decays into a pseudoscalar meson and the A* (1535). Hence, the reaction 
provides useful information with which to test current theories of the dynamical generation of 
the low-lying l/2~ and 3/2~ states. Predictions are made for cross sections and invariant mass 
' distributions which can be compared with forthcoming experiments at ELSA. 
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O . I. INTRODUCTION 

o 

The unitary extensions of chiral perturbation theory U X-PT have brought new light in the study of the meson- 
baryon interaction and have shown that some well known resonances qualify as dynamically generated, or in simpler 
words, they are quasibound states of a meson and a baryon, the properties of which are described in terms of chiral 
Lagrangians. After early studies in this direction explaining the A(1405) and the A r *(1535) as dynamically generated 
resonances 0, 0, 01 @ j more systematic studies have shown that there are two octets and one singlet of resonances 
from the interaction of the octet of pseudoscalar mesons with the octet of stable baryons [f^Q- The A r *(1535) belongs 
to one of these two octets and plays an important role in the 7rA~ interaction with its coupled channels r]N, KA and 
KT, . Here, we adopt and extend the ideas of Ref. for the reaction jp — > K + ttT, and study the analogous reaction 
, — > Tr°r]p where the rjp final state can form the AT* (1535) resonance. Besides processes relevant in jp — > 7r7rA^ [T(ij . 

in . 

we also include [lH the contribution from the A* (1700) resonance which qualifies as dynamical ly g enerated through 
the interaction of the 0~ meson octet and the 3/2 + baryon decuplet as recent studies show [l2lll3j|. 

At the same time we also study the jp — > 7r°A'°I] + reaction and make predictions for its cross section, taking 
advantage of the fact that it appears naturally within the coupled channels formalism of the 7p — ► ir°r]p reaction 
and leads to a further test of consistency of the ideas explored here. Both reactions are currently being analyzed at 

elsaGJ. 
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II. ETA PION PHOTOPRODUCTION 
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Before turning to the two-meson photoproduction, we give a short review of the properties of the A r *(1535) in the 
meson-baryon sector, where this resonance shows up clearly in the spin isospin [S = 1/2,1 = 1/2) channel. The 
model of Ref. Q provides an accurate data description of elastic and quasielastic nN scattering in the Sxi channel. 
Within the coupled channel approach in the SU(3) representation of Ref. not only the ttN final state is accessible, 
but also K E, KA, and rjN in a natural way. The corresponding dj coefficients for the s-wave interaction kernel in 
the charge Q = +1 sector are found in Ref. ^l|. Besides the interaction from the lowest order chiral Lagrangian 
[TH [Til Il7j. also the 7rA^ — > 7r7rA^ two loop contribution is included. In Ref. 01 it is shown that the same model 
for the resonance provides a good data description close to threshold for the one-77 photoproduction, jp — > r\p, when 
including some basic photoproduction mechanisms, which makes us confident to use the model of the A^*(1535) for 
the more complex reaction with two mesons in the final state in the next section. 

A. Production mechanisms for 7p — > -K°r)p 

In Fig. Q]thc relevant photoproduction mechanisms are shown. Diagrams (c) shows the pole terms that accompanies 
the contact term (b) in order to ensure gauge invariance. Similar terms are included for diagrams (a), (d), and (f) but 
not separately drawn. In all diagrams, the gray blob signifies the dynamically generated AT* (1535) that provides the 
final state interaction MB — * r\p with the intermediate meson-baryon state in the loop given by the list of channels 
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FIG. 1: Photoproduction mechanisms for the ir°r]p final state. 



from above. Here, we can only give a qualitative description of the processes and the amplitudes which are denoted 
in detail in Ref. Jll|, 

Diagram (a) uses a contact term in a similar way as for the 7\ + A(1405) photoproduction in Ref. 0, additio nally 
taking into account the anomalous magnetic moment of the nucleon with the effective Lagrangian from Ref. |18j . 
Diagrams (b) and (c) are a straightforward extension of the basic photoproduction mechanisms in jp — ► r\p for the 
final state with an additional ir° . It is known that the inclusion of explicit resonances plays an important role in the 
two-pion photoproduction , and therefore we include the relevant mechanisms as sub-processes in the calculation: 
In diagram (e) we show the contribution from the A* (1700) decay into X* = A(1232) and m = n. In the same way, 
the iV*(1520) decay from Ref. ^} is taken into account. Fig. (f) shows the corresponding A-Kroll-Ruderman term 
(X* = A, m = 7r, B = N) and also the E*-Kroll-Ruderman term (X* = S* , m = K, B = A). Additionally, we include 
the contribution from the dynamically generated 3/2~ resonance from Ref. which has been identified with the 
A* (1700). In particular, the decay channels (mX*B) = (7?A+(1232)p), (X+E*°(1385)A), (if £*+£+) in diagram (e) 
are possible, whose strengths are not measured yet in experiment but a genuine prediction of the model [l3| . From 
these couplings, also a tree level diagram originates for the photoproduction: -fp — > A* (1700) — ► ?yA + (1232)[7r p]. 



III. NUMERICAL RESULTS 

The invariant mass spectra for Mi(r)p) and Mi(n p) and cross section for the 7p — > TT°rjp reaction are predicted 
which can be directly compared to the forthcoming experiments at the ELSA facility. In Fig. [21 the spectrum for 
Mj{rjp) is shown for several lab photon energies E 1 , taking into account all processes from Fig. ^plus the tree level 
process described at the end of Sec. Ill Al The solid and dashed curves correspond to the full and reduced model 
(no ttN — » ttttN channel, no vector exchange in t-channel, see Ref. @, [13) for the Af*(1535) resonance, and we 
take the difference as a hint for the theoretical error. The A^*(1535) is clearly visible in the spectrum, although it 
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FIG. 2: Invariant mass spectrum 
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and dashed lines: Full and reduced model for the TV* (1535), respectively 
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interferes with the tree level process at low E 1 which shifts its position slightly. At higher E 7 , we observe a second 
peak which moves with the energy. This is a reflection of the A(1232) in the tree level process which is on shell 
around these invariant masses. For a more detailed discussion, see Ref. [Tl|. The n°p invariant mass spectrum is not 
shown here, but in Ref. [TH . There, the A(1232) shows up as a clean signal as expected. The total cross section is 
plotted in Fig. |3] Additionally to the full and reduced model, we show the outcome when using the phenomenological 
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FIG. 3: Left side: Integrated cross section a for the ~/p — > iv rip reaction. Right side: a for the jp — > tt°K°'E + reaction . Solid 
line: Full model for the A*(1535). Dashed line: Reduced model. Dashed dotted line (left side): Phenomenological potential 
for the MB — > r\p transition (only available up to E 1 ~ 1.2 GeV). 

meson-baryon — > rjp transition from the PWA from Ref. [l9j . From the processes with A*(1535), diagram (e) from 
Fig. [I] with m = rj, X* = A(1232) gives the largest contribution which is due to the strong rjp —> rjp transition in the 
model for the A*(1535). Also, the tree level diagram contributes significantly as we have already seen in Fig. |2J The 
cross section is relatively independent of the chosen model for the A* (1535) (solid vs. dashed line), and even the the 
phenomenological potential does not change much the result. 

The 7p — ► 7r A' S + reaction is calculated in a similar way as for the ifirjp final state by replacing the r\p final state 
of the A* (1535) by the A°£ + one and including a new tree level diagram in analogy to the process described at the 
end of Sec. llTAl ^p -> A*+(1700) -» K°E* + [tt°T, + ]. The cross section for ^p -> 7r°A°I] + is much smaller than for 
the n°rjp final state as Fig. [3] shows. This is — among other reasons — due to the fact that the reaction takes 
places at much higher photon energies where the dynamically generated A* (1535) is off shell. 

IV. CONCLUSIONS 

In this paper we have studied the reactions jp — > ir°r)p and jp — > 7r°A'°S + within a chiral unitary framework 
which considers the interaction of mesons and baryons in coupled channels and dynamically generates the A* (1535). 
From the various processes, we find dominant the decay of the dynamically generated A* (1700) resonance into rjA, 
followed by the unitarization, or in other words, the A*(1700) — > 7r°A*(1535) decay. A similar term provides also a 
tree level process which leads, together with the A* (1535), to a characteristic double hump structure in the rjp and 
ir°p invariant masses at higher photon energies. 

A virtue of this approach and a test of the nature of the resonance as a dynamically generated object is that one 
can make predictions about cross sections for the production of the resonance without introducing the resonance 
explicitly in the formalism since only its components in the (0~,l/2 + ) and (0~,3/2 + ) meson-baryon base is what 
matters, together with the coupling of the photons to these components and their interaction in a coupled channel 
formalism. In particular, the reactions studied here probe decay channels of these resonances such as A* (1700) —> 
77 A, A* (1700) — > KT,* or transitions like r\p — > A* (1535) — + r/p which are predicted by the model and not measured 
yet. 

The measurement of both cross sections is being performed at the ELSA/Bonn Laboratory and hence the predictions 
are both interesting and opportune and can help us gain a better insight in the nature of some resonances, particularly 
the A* (1535) and the A* (1700) in the present case. 
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